To assess levels of chlorinated contaminants in breast milk, we measured organochlorine pesticides, polychlorinted biphenyls, polychlorinated dibenzo-p-dioxins (PCDDs), and polychlorinated dibenzofiuans (PCDFs) in breast milk samples collected in 1994 according to the World Health Organization protl from 92 donors that were representative of regional populations in southern Kazakstan. High levels (10-120 pglg ht) of 2,3,7,8-tetrachlorodibenzo-p-dioin (TCDD), the most toxica of the PCDDIPCDF congeners, were found in breast milk samples from an agricultural region. TCDD was the major contributor (75%) to the intemational toxicityequivalents of these samples. The same distinctive PCDDIPCDF congener patern was found in 15 breast milk samples and 4 serum samples collected in 1996 in a follow-up study, and has now been: confirmed by three analytical laboratories. Ky wor bret mill; cop PCBs, dioxins, exposure assessment, furs, Kaakstan, TCDD. Environ Heal Pepta 106:797806 (1998). [Online 13 November 1998] hap://iehpnnl.nies.ni.gov/docs/1998/106p797-806hooperabstact.htI
In the first comprehensive profile of lipophilic xenobiotics in a country of the former Soviet Union, a broad panel of analytes [60 organochlorine (OC) and congener-specific dioxins, furans, and polychlorinated biphenyls (PCBs)] was measured in breast milk samples from the general population of Kazakstan (1, 2) . The study was undertaken because of concerns about breast milk contamination, which could lead to decreases in breast-feeding and increases in birth rate and infant mortality.
Breast milk offers a convenient and noninvasive means of assessing levels of persistent lipophilic xenobiotics in humans. Several public health and environmental benefits result from monitoring breast milk for persistent contaminants. First, such data provide insight into adult body burdens, historical human exposures, and environmental conditions. Second, these measures complement general environmental monitoring and provide a more accurate assessment of human exposures. Finally, perinatal doses to the fetus and the nursing infant can be estimated. For these reasons, many studies have measured concentrations of chlorinated contaminants in breast milk (1, (3) (4) (5) (6) .
Several of the chlorinated contaminants have estrogenlike activity (7) (8) (9) (10) (11) and have been linked to health effects as diverse as shortened duration of lactation in mothers (12) and neurodevelopmental deficits and intellectual impairment in children (13, 14) .
For polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/PCDFs), contaminant levels in breast milk (15) (16) (17) (18) and human health effects (11, 15, 19, 20) have been recently reviewed and, for TCDD, include cancer (15, (21) (22) (23) (24) and an altered infant sex ratio (25) .
Organochlorine pesticides, PCBs, PCDDs, and PCDFs were measured in samples of breast milk and a variety of infant and adult foods collected from regional populations in southern Kazakstan over a 4-week period beginning in February 1994. Results for total PCBs and OC pesticides were presented in companion papers (1, 2) . The present paper discusses the levels of PCDDs/PCDFs and co-planar PCBs found in 1994, as well as the levels of PCDDs/PCDFs measured in breast milk and serum samples collected in 1996 in a follow-up study.
Materials and Methods
Study design. Rationale and background for the original study (1994) , as well as study design, exposure assessment and demographic questionnaire, target analytes, World Health Organization Regional Office for Europe (WHO/EURO) protocol for breast milk sample collection (26) , compositing strategy, and statistical analysis, are described in detail elsewhere (1) .
Primiparous breast milk donors with healthy infants 2-8 weeks of age (WHO criteria) (26) were accessed through regional maternal and child health clinics (MCHCs), as arranged by the Kazakstan Ministry of Health. Donors (n = 7-15) were enrolled at each MCHC to assess chlorinated contaminant levels for that region. Sampling sites were selected to reflect major industrial, agricultural, and population centers of southern Kazakstan. Donors were enrolled from rural and urban populations, as well as from targeted populations with potential for high exposure (e.g., residents near the Aral Sea, Caspian Sea, or cotton-growing regions, or with high fish consumption).
In 1994, four populations were sampled at seven MCHCs: 1) large urban centers including Almaty (capital and government center) and Shymkent and Qzyl-Orda (large industrial cities of the south); 2) Aralsk, a large fishing village on the Aral Sea (elevated fish consumption); 3) Atyrau, on the Caspian Sea near the Tengiz oilfields (elevated fish consumption); and 4) two agricultural villages combined into the "rural site" (cotton-growing region). In 1996, the two villages were resampled.
Composite samples. PCDD/PCDF and congener-specific PCB analyses require a large volume (100 ml) of breast milk, which is provided by either an individual donor (100 ml sample) or many donors (a composite of samples, each <100 ml). The initial objective was to survey regional populations for contaminant levels. The sample design called for extensive compositing, and donors were not asked to provide 100 ml samples. During the later stages of sampling, particularly in the rural region, individual samples of 100 ml were encouraged and generally obtained. Of the 92 primiparous milk donors sampled country-wide in 1994, 17 women provided sufficient volume (100 ml) to permit analysis of PCDD/PCDFs, PCBs, and OCs (1) . Milk samples of lesser volume were combined to form 23 composites of 100 ml each.
Composites were made by combining equal volumes of milk from each of the contributing donors; the number of donors per composite ranged from 2 to 8, with a mean of 2.9. Compositing criteria were (in decreasing order of importance) geographic region defined by MCHC; ethnicity (Kazak/ Russian/other, which reflects cultural/dietary habits); fish consumption; and characteristic of mother's residence (agricultural, industrial, or urban).
In November 1996, researchers returned to the rural site to collect breast milk samples (100 ml) from an additional 15 primiparae. Blood samples (20 ml) were also collected in 1996 from four mothers who had donated breast milk in 1994 to determine the time course of off-loading of TCDD by lactation. Breast milk and serum samples were analyzed for PCDDs/PCDFs.
Blood sample collection. Blood samples (20 ml) were collected in two 10-ml red top nonsilicone-coated vacutainers and allowed to clot for 30 min. Serum was prepared by centrifugation at 1,000g for 10 min, transfer and centrifugation in a second tube, and transfer to a glass vial, which was sealed with a Teflon-lined stopper/crimped aluminum fastener. Samples were immediately frozen and maintained at -20°C.
Analytical methods. Breast milk, cow's milk, and fish samples collected in 1994 were prepared and analyzed by the Hazardous Materials Laboratory (HML) (1, 2, 27) . Duplicate analyses were run on 10% of the human milk samples (4/40). The relative percent difference (RPD) for TCDD on those duplicates ranged from 2 to 14%, with a mean of 6%. All TCDD measurements were above the reporting limit of 1 pg/g fat.
Breast milk and serum samples from the 1996 study were analyzed by laboratories at the U.S. Food daily. Precision and accuracy for TCDD in breast milk and food using quadrapole ion storage MS/MS is commonly >80% at a quantitation limit of 0.3-1.0 pg/g fat, depending upon the total lipid available.
Serum samples were analyzed for PCDDs/PCDFs by high-resolution gas chromatography (GC)/isotope dilution high-resolution MS based upon published methods (33, 34) . Analytes were separated from samples by a solid phase extraction procedure followed by a multicolumn automated cleanup procedure. The analytes were separated on a DB-5 or SP2331 capillary column and quantified using high-resolution (10,000 resolving power) MS capable of selected ion monitoring. Individual analyte concentrations were determined by comparing RRFs generated using isotopically labeled and known native standard concentrations.
Residue levels are expressed as picograms per gram milk lipid. For all reported data, international toxicity equivalents (I-TEQs) for PCDDs/PCDFs and PCBs are based upon the WHO-TEQ system (35 (Tables 2,3 ). Consequendy, data from these sample sets were combined, and mean congener levels in the 1994-1996 rural samples were compared with mean levels of 1994 nonrural samples in Table 3 . With the combined data set, mean TCDD, pentaCDD, and I-TEQ levels are again strikingly higher in breast milk samples from the rural site (n = 23; 21 individual and 2 composites) than in samples from nonrural sites (n = 32; 11 individual and 21 composites) (Table 3) . Additionally, almost all individual and composite samples from the rural site have higher TCDD and pentaCDD levels than samples from nonrural sites ( Fig. 2A,B) . The range of TCDD levels in breast milk samples from the rural site (6.4-118 pg/g; mean 35 pg/g) is higher than that of samples from the nonrural sites (1.3-15 pglg; mean 5 pg/g).
TCDD accounts for the major portion of the I-TEQ in milk samples collected from the rural site in 1994 and in milk and sera collected in 1996 (Fig. 3) . The pentaCDD/TCDD ratios do not differ significantly at different sampling sites (Table 2) .
TCDD, pentaCDD, heptaCDD, and octaCDD levels in all samples collected in 1994 and 1996 are presented in Figure 2 . While levels of TCDD and pentaCDD in the rural area are quite different from levels in nonrural areas, the levels of heptaCDD and octaCDD are similar in the rural and nonrural areas and appear to be back- between TCDD levels and birth weight or current weight of infants, although birth weights and TCDD levels were slightly positively correlated. Mean birth weights were roughly the same (3,393 g vs. 3,201 g; p = 0.41) for infants from primiparae with either high (>20 pg/g; n = 14) or low (<20 pg/g; n = 16) TCDD levels.
Sex ratios of infants from two groups of primiparae (high or low TCDD levels) were not significantly different. Sex ratios of infants from individual primiparae with high (>20 pg/g; n = 14) and low (<20 pg/g; n = 18) TCDD levels were roughly the same (50% vs. 44% female). Sex ratios of infants from all primiparae (individual + composite samples) with high (>20 pg/g; n = 16) and low (<20 pg/g; n = 79) TCDD levels were roughly the same (44% vs. 38% female).
Six primiparae with the highest TCDD levels (all in the rural region: 30, 31, 46, 62, 116, and 118 pg/g) had a marked disparity in sex ratio: five of their infants were male and one was female. This contrasts with sex ratio of infants of all primiparae enrolled from the rural region (n = 27; includes composited individuals): 16 infants were male and 11 were female.
Dietary correlations. Alcohol consumption and cigarette smoking were rare among study participants. TCDD levels in breast milk were contrasted with food consumption (self-reported dietary intake of selected foods): evaluation of food-frequency questionnaire data for 32 individual breast milk donors and 2 members of a composite (food frequencies were averaged) suggested relationships between intake frequencies of certain foodstuffs and TCDD levels. Considering the entire 1994/1996 donor population, mean TCDD levels were higher among women whose diet included cottonseed oil [31 pg/g fat (ever eaten) vs. 13 Table 4 (roughly 100 pg/g fat vs. nondetected levels), but are consistent because the detection limit in serum for octaCDD was 600-800 pg/g fat.
Two mothers (B and C) gave individual (100 ml) milk samples. A third mother (D) was part of a two-person composite, and the fourth (A) was part of a four-person composite. PCDD/PCDF levels in breast milk from B, C, and D (1994) are compared with levels in serum samples (1996) in Table 4 .
Off-loading of TCDD by lactation can be compared in two mothers (C and D). In 1994, each mother provided breast milk samples with high TCDD levels (118 and 1 17 pg/g fat, respectively); 2 years later TCDD levels in their serum were 15 and 69 pg/g fat, respectively (Table 4 and Fig. 3 ). In 1996, both were 25 years old with two children, ages 1 and 3. Mother C had breast-fed each of her two children for 12 months; her 1994 level of 118 pg/g dropped to 15 pg/g by 1996. Mother D had breast-fed each of her two children for 6 months: part of a two-person composite, her 1994 level of 117 pg/g dropped to 69 pg/g by 1996.
Dioxinlike PCBs. In the 1994 study (1), PCBs were measured in 40 breast milk samples. Results for total PCBs, sum of the six prevalent "marker" PCBs, and PCB-TEQ values calculated using the three co-planar PCBs and PCBs 105, 118, 123, 156, 170, and 180 are reported elsewhere (1, 2) . Figure 1B gives results for the dioxinlike PCBs (mono-or di-ortho) expressed as PCB-TEQs (35) for the six regions sampled in 1994. The mean PCB-TEQ value for the six southern Kazakstan sites was 22 pg/g fat, similar to PCB-TEQs of industrialized Western European countries (1) . Atyrau had the highest levels of dioxinlike PCBs (PCB-TEQ = 46 pg/g fat), mostly due to the mono-ortho congeners (1).
Correlations were found between PCB congeners and the higher chlorinated (non-TCDD) PCDDs 2,3,4,7,8-pentaCDF, 1,2,3,4,7,8-hexaCDF,  1,2,3,6 ,7,8-hexaCDF) correlate with PCB 169 (r = 0.50-0.53), consistent with the fact that the highest mean levels of PCBs and PCDFs are found in milk samples from Atyrau ( Table 2 , Fig. 1B ).
Discussion
PCDDs/PCDFs The TCDD levels measured in breast milk samples from the rural site are among the highest reported (116-118 pg/g fat) (15) . Most of the rural samples (17/23) had TCDD levels greater than 20 pg/g fat. A summary of samples from 33 countries gave a mean TCDD level of 3.4 pg/g fat, with 5th and 95th percentiles of 1-7.7 pg/g fat (15) . The ratios of pentaCDD/TCDD are much lower (0.4-0.7; Table 2 ) than the ratios (2-3) typical of serum or breast milk from industrialized countries (15) .
TCDD contributes 70-85% of the I-TEQ, in marked contrast to breast milk samples from other countries where it constitutes 5-15% of the I-TEQ (Fig. 4) . The congener pattern resembles that seen in Agent Orange, a defoliant mixture of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and 2,4-dichlorophenoxyacetic acid.
PCDD/PCDF correlations. In both the rural and nonrural regions, the non-TCDD PCDDs/PCDFs correlate with each other, suggesting that they are part of the background contamination. In the nonrural region, TCDD correlates with the other PCDDs/PCDFs, suggesting that it too is background. In the rural region, TCDD does not correlate with PCDDs/PCDFs. These results suggest that TCDD is the major and distinctive contaminant in the rural region.
Demographic correlations. PCDD/ PCDF levels were reported to decrease 15% over the first 6 weeks oflactation in a study of 112 breast milk donors in Germany with homogeneous background exposures (16, 36) . In our much smaller study groups [n = 32 total individuals; rural (n = 21) and nonrural (n = 11) populations), we saw no significant decrease in TCDD with increasing length of lactation period (weeks 2-8 of infant age). Our power to detect small decreases in a small group was limited by the precision of lab measurements of TCDD (commonly 80-85%). Also, it is not clear that our study populations have similar exposure histories: e.g., Kazak women with high levels (118 pg/g) may have experienced chronic exposures; others, with low levels (6 pg/g), may no longer be exposed.
PCDDs PCBs. PCBs are not the source of the TCDD exposures. Sites with high TCDD levels have low PCB levels, and sites with high PCB levels have low TCDD levels.
f,-HCH. P-Hexachlorocyclohexane (,-HCH) is used in Kazakstan as an insecticide dip for sheep. The mean levels of -HCH in 1994 at the six sampling sites (1,570-3,470 ng/g fat) (1) were much higher than background levels in Europe (200 ng/g fat). The highest levels were found in samples from the ruraL.site (Fig. IC) , the location of high TCDD levels. However P-HCH levels did not correlate with I-TEQ, TCDD, or pentaCDD levels in the limited number (n = 20) of 1994 breast milk samples analyzed for these compounds. 3-HCH is an unlikely source ofTCDD contaminants.
Diet. Initially, cottonseed oil seemed to be a likely source of TCDD exposure. Consumption is high in the rural region where TCDD levels are high and low in the nonrural regions where TCDD levels are low. But cottonseed oil consumption country-wide correlates with socioeconomic status, geographic location, and ethnicity. Cottonseed oil consumption is high in the cotton-growing region where the residents are predominantly Kazak and poor. Consumption is lower in the urban areas, which contain proportionally more Russians and are more wealthy. In the rural region, cottonseed oil consumption does not correlate with TCDD levels; all residents in the region consume it daily, but TCDD levels vary widely between neighbors. For the past 30 TCDD off-loading by lactation. The TCDD levels in milk (1994) and serum (1996) for women C and D are compared in Figure 3 . Through 1996, these women had nursed infants for 24 and 12 months, respectively. TCDD levels in breast milk and serum were reported to be similar when age-matched groups of German women were compared (17) . If we assume that TCDD levels in milk and serum are similar, the rate of TCDD off-loading from the two women over the 2-year period is roughly 4-5/pg/g lipid per month of breast-feeding.
Effects ofTCDD
Infant sex ratio. Five of the six infants of women with the highest TCDD levels (>30 pg/g fat) were male. In contrast, more female infants were seen among offspring of Seveso parents at higher TCDD levels than we observed here (25) . No (6:6) in the region. In the 1996 study, 10 of the infants were male and 5 were female, so some selection bias may have occurred. Further study is required to determine whether TCDD at levels >30 pg/g affects the sex ratio in infants.
Exposures to the nursing infant. Exposures to the nursing infant can be estimated using the WHO-suggested nursing scenario of 6 months duration (26), 0.7 1/day ingestion rate (26) , and a milk fat content of 3.5% (38) . Using the highest and mean levels (118 and 35 pg/g fat) of TCDD for combined 1994-1996 data from the rural area and assuming a 5-kg infant body weight (bw), the TCDD intake levels are 578 and 172 pg/kg bw/day, respectively. Furthermore, using the highest and mean levels (132 and 46 pg/g fat) of I-TEQ for the rural area and assuming a 5-kg infant bw, the I-TEQ intake levels are 647 and 225 pg/kg bw/day, respectively. These are much higher than the tolerable daily intake (TDI) levels of 10 pg I-TEQ/kg bw/day in Canada and the estimated worldwide daily intake of 1-10 I-TEQ/kg bw/day (15 nutrition, dean drinking water, and sanitation. Breast-feeding has significant benefits to the infant (nutritional, disease resistance, psychosocial, and emotional), to the community (lower infant morbidity and mortality, lower birth rate, economic), and to the mother and family. It remains the right choice in contending with the major health problems of the region until such time as there is clear evidence that the health risks presented by any contaminants simply outweigh the considerable benefits of breastfeeding.
Conclusions
This is one of the few studies that have analyzed breast milk for a broad panel of chemicals, in a systematic way, following the widely accepted WHO protocol. This is also the first thorough investigation of chlorinated contaminants in Kazakstan. Representative samples collected from a multiethnic population over a large area provide insights into body burdens at each of the sampling locales. The major findings are as follows: * The mean TCDD level in breast milk sam- ples from the rural area (35 pg/g fat; range 6-118 pg/g fat) is much higher than the mean level in samples from the nonrural area (5 pg/g fat; 1-16 pg/g fat; p<O.0001) and is 10-fold higher than the mean TCDD level for 33 countries (3.4 pg/g fat) (26) . Abbreviations: CDD, chlorinated dibenzo-p-dioxin; CDF, chlorinated dibenzofuran.
